This paper examines Chinese consumer preference for major animal products and assesses the potential impacts of a reduction in China's import tariff on its pork and poultry demand and net import. Our analysis suggests that China's demand for animal products will continue to grow as income increases. Using a trade model, results of our scenario analysis indicate that a reduction in China's import tariffs will significantly increase its net pork and poultry imports and the U.S. will capture most of the increases. Nevertheless, the impact on the market price in China and the U.S. is likely to be very small.
China's rapid economic growth and gradual transition toward a market economy have brought about significant changes in its food consumption patterns and trade behavior. With increased income and improved market accessibility, Chinese consumers, especially those in urban areas, are shifting their food consumption from grains to meats and other highvalue food products (Wang, Jensen, and Johnson) . Between 1984 and 1996, China's per capita grain consumption declined from 142 kg to 94 kg in urban areas, and from 267 kg to 256 kg in rural areas, whereas the per capita Wang is an assistant professor and Halbrendt is a professor, both in the Department of Community Development and Applied Economics, the University of Vermont. Hayes is a professor and Fuller is a research associate, both in the Center for Agriculture and Rural Development (CARD), Iowa State University. This is Journal Paper No. J-17823 of the Iowa Agricultural and Home Economics Experiment Station, Ames, Iowa, Project No. 3487.
consumption of meats, eggs, milk, vegetable oils, and fruits increased significantly in both urban and rural areas (State Statistical Bureau of China). As a result of the ongoing transition in food consumption patterns, extremely limited per capita arable land, and significant reductions in import restrictions, China's food imports have increased dramatically in recent years. For example, China's com trade reversed from a net export of 11.1 million metric tons (MMT) in 1993 to a net import of 5.2 MMT in 1995, while total grain imports increased from 7.3 MMT to 20.4 MMT over the same period. China has also substantially expanded its imports of high-value food products such as edible oils-which jumped from 1. Changes in China's food situation and trade behavior have important implications for U.S. agricultural exports. China has been a large buyer of U.S. wheat since the late 1970s, and 3,0007 2,500 4 J-=T-+-- 0 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 I 1986 I 1987 I 1988 I 1989 I 1990 I 1991 I 1992 I 1993 I 1994 I 1995 Figure 2. U.S. agricultural exports to China, is gradually becoming a major importer of many other U.S. food products such as corn, vegetable oils, and broiler meat. Figure 1 indicates that U.S. agricultural trade balance with China reversed from a deficit of $74 million in 1993 to a surplus of $640 million in 1994, and then jumped to a record surplus of $2,154 million in 1995. This significant turnaround in U.S. agricultural trade with China is important for the U.S. to narrow its trade deficit with China, which increased from $1.7 billion in 1986 to $34 billion in 1995. Figure 2 shows the changes in U.S. agricultural exports
1986-95
to China for four products: wheat, corn, edible oils and oilseeds, and animals and products. While U.S. wheat exports to China have declined since 1989, exports of the other three products have increased dramatically in recent years. Between 1993 and 1995, U.S. exports to China increased from $26.2 million to $409.6 million for edible oils and oilseeds, from $48.7 million to $204 million for animals and products, and from zero to $629 million for corn (USDA 1996) . In spite of the rapid growth in U.S. agricultural exports to China in recent years, Chi-na is still viewed as a tough market by many U.S. food marketers because of its many nuances and subtleties that are not well understood by U.S. producers and marketers. Institutional barriers such as import quotas and tariffs are partly to blame, but it cannot be denied that a simple lack of information and study of the underlying mechanisms of the Chinese market also contribute to the difficulty faced by U.S. traders. China's trade liberation has been limited in many respects, but there is evidence that China's food demand and trade behavior are increasingly determined by consumers.
The major objective of this study is to examine Chinese consumer preference for major animal products and to assess the potential impacts of a reduction in China's import tariff on its pork and poultry demand and net import. The following sections review the trends in China's meat markets, present the results of an empirical demand analysis and a scenario analysis of the impact of a liberalization of Chinese pork and poultry markets, and summarize major conclusions.
Trends in China's Meat Market and Implications for U.S. Exports
Data on China's annual meat production since 1984, presented in figure 3, suggest two major trends. First, total meat production has increased gradually from 16.946 MMT in 1984 to 59.151 MMT in 1996 . Second, the growth rates for poultry, beef, mutton, and other meats have been significantly higher than that for pork. The share of pork has declined from 85.25% in 1984 to 68.26% in 1996.
The gradual shift from pork to beef and poultry is motivated by an income-driven desire for variety and an increased availability of beef and poultry products at urban markets. Beef consumption in China continues to be extremely low. Most urban consumers must choose between the expensive beef that is generally sold to restaurants and tourists and a less expensive local product that typically comes from draft animals. Per capita beef consumption is much higher in the pastoral provinces in the western regions, but the lack of a suitable and affordable transportation system has kept these interior supplies out of the prosperous coastal cities.
One very interesting aspect of Chinese meat demand is that Chinese consumers tend to discount those cuts most in demand in the U.S. and to favor those cuts that are less desired in the U.S. and European markets. For example, the white internal organs and the reproductive tracts typically sell at a price that is equal to or greater than muscle meat prices in the same markets in China. Also, bone-in chicken feet are generally sold at a premium price as compared to chicken breast meat (see Hayes and Clemens for a detailed cut-by-cut price comparison). If this taste difference continues into the future, then a very large market for U.S. variety would emerge even if U.S. muscle meats were too expensive for Chinese tastes. This type of export demand would allow the U.S. livestock industry to add values to carcasses while at the same time reducing U.S. muscle meat prices.
A second difference between U.S. and Chinese tastes involves the amount of external fat acceptable to consumers. About 80% of Chinese pork comes from "backyard" production. These animals are fed with household and farm waste, a diet that is low in some essential amino acids. As a result, animal growth rates are slow and the amount of exterior fat is extremely high. In urban markets, however, this meat sells at as much as a 30% discount to leaner meat from modem production units (Hayes and Clemens) . This would seem to indicate that the presence of so much exterior fat is driven more by the needs of producers than by the will of consumers.
An Analysis of Urban Chinese Household Demand for Animal Products
Considering that most of the previous estimates of household demand for animal products in China are for highly aggregated commodity groups such as red meats, this study contributes to the literature by estimating demand elasticities for disaggregated animal products in urban China. Although our analysis is based on survey data of Chinese urban households, the study is expected to shed some light on the general trends of consumer demand for animal products in China as rural residents follow the urban income growth patterns.
Two commonly used demand systems, the almost ideal demand system (AIDS) (Deaton and Muellbauer) and the translog demand system (Christensen, Jorgenson, and Lau) , are used to estimate the demand elasticities for six animal products: pork, beef and mutton (B&M), poultry, eggs, fish, and milk in urban China. A test procedure for nonnested hypotheses proposed by Vuong is used to compare the two demand systems. Compared with the traditional nonnested test procedure through an artificial nesting model, this test procedure not only avoids the estimation of an artificial model, but also guarantees a unique conclusion regarding the relative explanatory power of the two demand models.
This study uses the most recently available data from China's National Urban Household Survey. The survey has been administered by the State Statistical Bureau of China (SSB) and implemented at the provincial level since the early 1980s. Sample households were selected by using a three-stage stratified sampling scheme: (a) cities were first selected from each province, (b) enterprises and institutions were then selected from each selected city, and finally, (c) households were selected from each selected enterprise and institution. The participating households were requested to keep detailed records of their daily income and expenditures by using the account books provided by the SSB. The account books were collected, examined, aggregated, and reported by local statistical agencies every month.
The data used to estimate the proposed demand models are the pooled data of sample means by seven income groups and two city groups (small versus medium and large) from 1986-92. Because the data for 1986 are available for only medium and large cities, our data set includes 91 observations (seven observations for 1986, and 14 observations for each year from 1987 through 1992). Similar data sets by income groups or provinces, but with greater product aggregation and shorter periods, have been used in several previous studies (e.g., Lewis and Andrews; Wang and Chern) . The nominal expenditures are converted into real ones by using the Urban Living Cost Index published by the SSB. As noted, six animal products are included in the demand models:
pork, beef and mutton (B&M), poultry, eggs, fish, and milk. Beef and mutton always have been aggregated into one meat group in China's statistical system. Like many other empirical demand studies using household survey data (e.g., Cheng and Capps; Gao, Wailes, and Cramer), unit values derived from expenditures and quantities are used as prices in the estimation. City size and household size are incorporated into the demand models as two demographic variables.
The maximum-likelihood estimates of the AIDS and translog demand system with homogeneity and symmetry restrictions imposed are derived using the iterated seemingly unrelated regression technique. Test results of the two demand systems based on the nonnested test procedure suggest that these two demand models are not significantly different in explanatory power for the Chinese data at the 1% significance level.
While the estimated parameters and significance tests are not reported in this paper, the expenditure and uncompensated price elasticities estimated from sample means and the estimated model parameters are reported in table 1. The estimated expenditure elasticities suggest that household demand for animal products in urban China is quite elastic for poultry, milk, and fish, but inelastic for red meats (pork, and beef and mutton) with respect to the total expenditure. Note that the estimated expenditure elasticity is very close to one for eggs. Table 1 also presents the marginal budget shares derived from the estimated expenditure elasticities and sample means of budget shares. The results suggest that Chinese urban households are likely to allocate their additional expenditure on animal products as follows: 39.1 Yo to pork, 7.3% to beef and mutton, 17. 1% to poultry, 14?ii to eggs, 20% to fish, and 2.5% to milk. It seems that pork will remain as the major animal product in urban China, although the demand for pork is relatively income inelastic. Furthermore, the marginal expenditure on poultry and fish in urban China is likely to increase as a result of their relatively high expenditure elasticities. Such empirical findings are quite consistent with our expectations and previous studies. For Chinese consumers, pork has been the most commonly available meat product with relatively low price, whereas poultry, milk, and fish are generally considered luxury food items with relatively high prices.
The estimated uncompensated own-and cross-price elasticities also are reported in table 1. As expected, all the own-price elasticities are negative and most of them are inelastic. The demand for animal products in urban China is likely to be elastic for poultry and fish, but inelastic for other products with respect to their own prices. One explanation for milk as the most inelastic animal product is that milk consumption in urban China has been determined basically by local supply due to extremely poor transportation and storage facilities rather than by market price. On the other hand, poultry and fish are the most priceelastic animal products because their consumption as luxury food items is highly affected by market prices.
Chinese Pork and Poultry Imports Following Tariff Reductions
It is likely that China will join the World Trade Organization (WTO) in the very near future.
Given the potential for growth in China's consumption of animal products indicated in the analysis above, this event will undoubtedly send ripples across the ocean that will significantly impact U.S. export demand for meat products. The purpose of this section is to briefly explore the potential changes in China's pork and poultry trade following a significant reduction in import tariffs for these products.
In preparation for WTO accession, the Chinese government recently reduced the tariffs on pork and poultry meat imports from 45 Vo to 2090 (China Daily). In addition to the import tariff, the government collects a 1790 value-added tax on all imported meat products, making the new effective tariff rate of 40.4Y0. In addition to lowering tariffs, the Chinese government's animal health agency has approved a number of slaughterhouses in Canada, Australia, and the U.S. for export of beef, pork, and poultry products to approved Chinese import companies in 1997 and 1998 (Fuell and Zhang 1997a) . Despite these efforts to diminish the barriers to meat imports, official trade in meat products has not grown significantly in recent months. The industry perception in the U.S. is that, even at the reduced tariff rates, it is still too costly to import meat products through official channels. Unofficial transshipments and smuggling of pork products into China through Hong Kong is estimated to be as much as seven times greater than official imports (Fuell and Zhang 1997b) . These "grey channels" are a viable, less expensive alternative to direct imports. However, this trade is not reflected in reported trade statistics. Lowering import tariffs to a level that makes direct import of meat products cheaper than illegal alternatives could cause a notable increase in official trade, not only due to lower import costs, but also as a result of trade shifting from "grey" to official import channels.
Using a partial equilibrium model of China's livestock and grain sectors, we have examined the impact of a 100% reduction in the official tariff rate on Chinese pork and poultry imports. The 17?Z0value-added tax is assumed to remain in place, making the effective tariff rate in the scenario 17%. The demand side of the simulation model is divided into urban and rural components for both livestock products and grains. As in the demand analysis above, Chinese consumers are assumed to maximize a weakly separable utility function subject to their income constraint. Consequently, consumption is modeled as a two-stage budgeting process in which consumers allocate their income to broad commodity groups in the first stage, and then divide group expenditures among individual commodities in the second stage. The model does not contain a complete representation of the first-stage decision process; rather, each commodity group's share of consumer expenditures is determined by an Engle curve augmented by a price term. The livestock product group is the largest commodity group, containing beef, pork, mutton, poultry, eggs, aquatic products, and milk. The grain group includes wheat, rice, soybeans, corn, and barley. The second-stage allocations for the two commodity groups are modeled by separate almost ideaJ demand systems (AIDS) (Deaton and Muellbauer) .
Given the importance of the elasticities to the quality of the model's projections, a synthetic approach was taken for specifying the demand system. Expenditure and own-price elasticities were collected from a number of studies (see footnotes to tables 2 and 3). These were used in conjunction with the parameter restrictions implied by the symmetry, homogeneity, and adding-up properties of demand to determine the appropriate cross-price elasticities that maintain a net substitution relationship for all goods. The resulting urban and rural elasticity matrices are given in tables 2 and 3, respectively. Income elasticities were calculated by multiplying individual commodity and commodity group expenditure elasticities by an income elasticity for food expenditures, The income elasticity for food expenditures by urban households was 0.76 (Lewis and Andrews), and the value for rural households was slightly lower at 0.707 (Fan, Wailes, and Cramer). The urban expenditure elasticities are very close to those found using the urban cross-sectional data described above. The elasticities are not identical to those presented in table 1 partially because of the differences in original data sources.
The supply side of the model is divided into two major components according to commodity groupings. Two general structures are used to specify production functions in the livestock sector. First, pork, beef, milk, and mutton productions are modeled in the standard stock and flow paradigm to ensure the viability of meat and milk output relative to slaughter, births, animal inventory, and breeding herd growth. Consequently, reduced-form equations and identities are included for each of the important elements in the production process. Equations for flow variables, such as additions to breeding inventory, slaughter, and births, are estimated as functions of meat-tofeed price ratios and lagged inventories. As much as possible, biological restrictions are incorporated into the estimated equations through the use of a logistic function to place an upper bound on births and slaughter (Chavas and Klemme). Finally, meat production is calculated as the product of total slaughter and slaughter weight, and milk production is computed at an annual rate of 1.8 metric tons of milk per dairy cow.
In the second general structure, production equations for poultry meat, eggs, and cultured aquatic output are estimated as functions of current and lagged output-feed price ratios. Supply elasticities for poultry, eggs, and aquiculture may be calculated easily from the estimated equations, but elasticities for other livestock products are more easily calculated by simulating price shocks with the model while holding all other variables constant. The resulting elasticities of supply with respect to the output-feed price ratio measured at 1996 levels are given in table 4.
China's demand for feed grains and protein meals is calculated from beef, pork, poultry, eggs, aquiculture, and milk production. It is assumed that sheep and goats are grazed in China and that cattle receive only a small quantity of grain per head to supplement their primary diets of straw and forage. It is also assumed that dairy cattle require a fixed quantity of grain feed to produce a kilogram of milk. Consequently, the predominant share of grain feed demand is derived from swine, poultry, egg, and aquiculture production. The linkage between livestock output and feed grain demand is described by the relationship in equation (1). The equation states that the total demand for feed i (d,) is the sum over all meats of the per unit input of feed i (c,,) to produce meat j, times the output of meat j (Xj):
It is evident from equation (1) that changes in either the level of meat production or the per unit feed requirement will cause total feed demand to change. Meat output levels originate in the livestock model, and changes in these levels generated by that model are used in calculating feed demand changes. For simplicity, it is assumed that input coefficients are invariant to price changes, but the impact of technological change is incorporated into the feed demand system. Consequently, feed demands are segregated in the model by production technology as well as product type. The total demand for any given feed used in the production of a particular meat product is the sum of the demands created by each type of production technology. For example, the de- mand for corn derived from pork production will be the sum of corn used by backyard producers, specialized household producers, and large-scale intensive growers. As the technological mix of production changes in China, the level and composition of total feed grain demand also will be altered. Likewise, improvements in production methods, genetic breeding stock, and management practices will have an impact on the demand for feed. In order to capture these effects, feed demands are generated by equation (2):
Changes in technology and industry composition are affected through the feed conversion ratio (FCR), meat to liveweight conversion, industry share, and grain's share of total feed. The present specification incorporates a 1% annual improvement in feed efficiency for all swine and poultry technologies, 1.5% for aquiculture, and 3 TOfor dairy. Swine production by backyard and state farm producers is expected to decline at annual rates of 1% and 3.2Y0, respectively. Specialized household production of swine is assumed to increase by 796 annually over the next decade. Commercial poultry and egg production is anticipated to grow by 3.5% annually, implying a 2.7% decline year-on-year in village poultry and egg production. Finally, grain's share of feed is expected to increase annually for specialized household swine producers, commercial poultry and egg producers, aquiculture, and village poultry and egg farmers by 0.5Y0, 190, 1.590, and 1%, respectively.
The production of grains and oilseeds is computed as the product of per hectare yields and the number of hectares planted to each crop. Sown area is modeled as a multi-stage decision process. Initially, total area sown to grains and oilseeds is determined as a function of expected trends in multi-cropping, loss of agricultural land to industry and urban uses, land degradation, and land reclamation. Once the total grain and oilseed area is determined, it is parceled out to various crop uses according to a system of share equations driven by relative changes in gross revenues for wheat, rice, coarse grains, and oilseeds. Yields are also a function of environmental factors, multi-cropping practices, and irrigation and fertilizer usage. Supply responsiveness to price changes is determined by the sown area equations. The share of grain and oilseed area allocated to oilseed production is further broken out into soybean, rapeseed, and sunflower seed area according to changes in gross revenues. The first-stage allocation includes both ownprice and cross-price effects, but the allocation of oilseed area assumes there is no direct substitution among the oilseeds. The supply elasticities implied by the system of area allocation equations are given in table 5. With the exception of rice, the market price for Chinese grains is calculated from the corresponding U.S. FOB grain and oilseed prices by adjusting these international prices for exchange rates, tariffs, and transportation costs. The assumed price transmission elasticity for grains is one. In the livestock sector, pork and poultry prices are also a function of U.S. prices, but the assumed price transmission elasticity is approximately 0.06. This low price transmission elasticity reflects the enormous difficulties facing U.S. exporters in trying to access some of China's internal markets, as well as some of the differences in tastes discussed above. This is an assumed value. Had we used a value that was twice as large, then the trade impact results shown below would have been approximately twice as large.
Net trade for these commodities is residually determined from supply and demand conditions. Prices for other commodities are endogenously determined by domestic market equilibrium conditions. Thus trade is either de- 
Conclusions
The results from our scenario analysis suggest that liberalization of China's pork and poultry markets will cause a relatively large change in world trade levels without causing any serious price disruptions. The U.S. is in a good position to capture much of the benefits of such a liberalization, because it already dominates world trade in unsubsidized poultry products and because it is the low-cost producer of pork among countries that are free of foot-andmouth disease. 1
The results presented above are by necesof existing levels, are much smaller in the poultry scenario, equaling only a 5-790 increase for the U. S., and a 30-50% increase for China.
Chinese pork and poultry prices start out at a level that is well above the U.S. price, and 1China claims to be free of foot-and-mouth disease, but this claim would be contradicted by any pork imports from countries where the disease is prevalent.
the difference widens as Chinese-demand grows. Again, we see the impact of the low sity based on a simplified trade model. Were we to fully model the taste differences that exist across countries, it seems likely China would be an exporter of pork loins and chicken breasts and a large importer of less-expensive cuts and variety meats. Another simplification concerns the dollar-Yuan exchange rate. Casual observation would seem to suggest that the Yuan is undervalued relative to the dollar. The trade effects would have been much greater had we built in an appreciation of the Yuan. A third simplification is the arbitrarily low price transmission elasticity chosen for the study.
The key results from this study are the following, First, Chinese meat consumption will continue to be sensitive to per capita incomes. Continued growth in incomes at levels close to those seen recently will cause large increases in demand for meat products. Second, if markets are allowed to decide where these additional supplies should originate, U.S. exports of poultry and pork should increase dramatically. Third, so long as the trade increases generated by market liberalization are close to the levels projected in this study, the price impact in U.S. and Chinese markets will be relatively small.
